AMONG the graver complications of wounds are tetanus and gas gangrene. Tetanus was extremely frequent in the beginning of the War, but since the practice of injecting antitetanic serum immediately after wounds have been received was established, fewer and fewer victims have succumbed to this infection. In the case of gas gangrene, results unfortunately have not been so satisfactory.
extended all over the leg and thigh. At the same time four or five large blebs appeared on the thigh containing dark red fluid, and the temperature rose to 1040 F. It was decided to amputate immediately at the middle of the thigh. Unfortunately, in spite of this radical treatment, gas extended over the whole trunk up to the neck, and the soldier died the same night. In the two hours before his death this patient suffered from dyspncea, but he was fully conscious up to the very end. This is a feature which is always present in gas gangrene, and which is extremely distressing to those treating the case. The case shows that the principal symptom in this form of gas gangrene is that of gas development occurring with extraordinary rapidity. Rapid gas development is usually, but not necessarily, an extremely bad symptom; sometimes the very extensive and rapid gas infiltration is produced by microbes of slight pathogenicity which remain in the wound and show no tendency to become generalized. In those cases surgical treatment is successful.
Gangrene of the limb is not a necessary feature of gas gangrene. Very often the starting point of grave gas infection is a small local gangrenous focus set up in the musculature by the projectile. In such a case the evolution of gas gangrene may be as great as in the case just described, but the surgeon by timely incisions and properly applied treatment can often save the limb. There is another form of gas gangrene in which the predominating symptom is cedema, which may be so considerable as almost to mask the gas infiltration.
The following is an instance of the second or toxic form: Sergeant B. was admitted into a French military hospital forty hours after he was wounded; he had been exposed for twenty-four hours between the French and the German lines, after an attack and counter-attack. His arm was not dressed until twenty-six hours after he was wounded.
On admission it was found that the wound was on the anterior surface of the middle third of the forearm. The gas crepitation was slight round the wound, but we were struck by the oedema, which was very marked and extended to the middle of the arm. There was no bronzing, but the skin was pale with prominent veins. It was a solid cedema, and crepitation was felt only close to the wound. Incisions were made on both sides of the arm and the wound washed with hydrogen peroxide, but, in spite of that treatment, the cedema extended to the shoulder and the chest, and the patient died twenty-four hours later, without showing any extensive crepitation. Here again the patient was fully conscious to the end.
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Sometimes all one can feel is slight gas infiltration immediately around the wound, even up to the termination of a fatal case. Sometimes the gas infiltration is so deep in the muscles that it is difficult to perceive it on the surface, and it is only discovered when the muscle is incised. In other cases the part of the limb above the wound is increased in volume. No oedema nor gas crepitation can be felt because of the increased tension. The superficial veins are dilated. Pyrexia, apathy, and the signs of general intoxication are, however, marked. This is sometimes the beginning of a fatal case of the toxic form. Now I should mention thbt the putrid odour so frequently found in both these forms of gas gangrene is not necessarily a symptom of the case and bears no relation to its gravity. This is explained, as will be shown afterwards, by the fact that the putrid odour is not generally set up by the most virulent gas gangrene microbes, but by other organisms of lower pathogenicity.
I might mention that surgeons have described a few cases of very severe gas infection caused by a bullet passing through the limb, leaving an almost imperceptible wound.
BACTERIOLOGY.
Since the beginning of the War there has been a great deal of bacteriological research in order to determine the agent or agents producing gas gangrene. Sometimes when the discharge from a bad -case of gas gangrene is examined, it is found that only one organism is 'present. This microbe is the Bacillus aerogenes capsulatus described by Welch. The usual name now for it is Bacillus perfringens. These cases, in which Bacillus peifringens only is found, are exceptional.
In nearly all cases it is associated with other organisms. The second slide ( fig. 1 ) shows a case in which Bacillus perfringens -is found in the discharge with diplococcus and an anaerobic bacillus of no great pathogenicity, yet producing much gas. You will see that in the same case the discharge from the muscles taken far from the wound after the incision again shows the Bacillus pe?fringens. The diplococcus and the slender bacillus we described as " coeur jaune" 1 ( fig. 2 , A). But it is more usual to find in the discharge from the muscle only the Bacillus perfringens with the diplococcus. This patient died, and I We use this name for the present to include those organisms frequently present in the wounds which produce gas abundantly and are of low pathogenicity. They form in deep agar yellow heart-shaped colonies, and do not belong to the other species here described. Classic form of gas gangrene. A, discharge from wound: 1, Bacillus perfringens; 2, "cceur jaune"; 3, diplococci; 4, staphylococci; 5, streptococci. B, discharge from muscle taken far from the wound after incision made by surgeon: 1, Bacillus perfringens; 2, "cceur jaune"; 3, diplococcus. C, the blood has shown only the Bacillus perfringens. Bacillus proteus, and you will see that Bacillus sporogenes is also present. We specially mention Bacillus sporogenes because it is often found in wounds, and it is this organism which generally sets up putrefaction in them. Classic form of gas gangrene (putrid variety). Discharge from wound: i, Bacilluts perfringens; 2, Bacillus sporogenes; 3, Bacillus proteus (Gram negative); 4, streptococcus; 5, diplococci.
The first investigations of gas gangrene I made in the British Military Hospital at Versailles showed me that the majority of gas gangrene cases were due to Bacillus perfringens. I was very glad to be able to make this statement to Sir Almroth Wright, which he, as well as many other British and French authors, afterwards confirmed. According to my experience up to the present, the Bacillus perfringens is found in nearly two-thirds of cases of gas gangrene or gas phlegmon. These results agree with researches made previous to the War and recently summarized by Simonds. There is another combination of microbes which is found in the classic form of gas gangrene, in which the bacillus of malignant cedema (Vibrion septique) is the chief pathogenic organism. Fig. 4 shows lThe Royal Society of Medicine a discharge, the bacterial flora of which demonstrates this point.
Here we had a fatal case of gas gangrene terminated by septicamia caused by the Vibrion septique. Fig. 4 , A, shows among the diplococci streptococci and a few Bacillus perfringens, many slender bacilli, some of which exhibit the form of clostridia. This is the Vibrion septique. You see in the same figure a bacillus which is more slender than the Vibrion septique-one of the " ceur jaune." In the discharge from the muscle in the same case we found only anaerobic microbes, chiefly the Classic form of gas gangrene. Patient died fromi septicemia, caused by Vibrion septique. A, discharge from the wound: a, Bacillus perfringens; b, Vibrion septique; b', spore of Vibrion septique; d, " cceur jaune "; e, diplococci. B, discharge from muscle taken far from the wound: a, Bacillus perfringens; b, b1, Vibrion seltique and its spores; c, Bacillus tetani. C, culture of Vibrion septique obtained by haemoculture (the blood was inoculated in broth twelve hours before the death of the patient). In 100 cases of gas gangrene and gas phlegmon that I examined I found the Vibrion septique only in four cases. So in my experience the Vibrion septique is r,elatively a rare agent in gas gangrene. Many authors, however, mention this organism as being very frequently the '+fX~~~~' 6 ). This anaerobic microbe is polymorphic. Its typical characteristic is the formation of a toxin which, if injected into guinea-pigs, produces a special white cedema. But this organism is very rare in the classic form of gas gangrene; -some strains found are not very pathogenic. When the wound is infected by a very toxic strain of this microbe the clinical form of gas gangrene is
Toxic form of gas gangrene: i, Bacillus perfringens; 2, Bacillus cedematiens.
changed, the symptom of oedemna being predominant, and we observe the toxic form of the disease instead of the classic-form.
In the toxic form the Bacillus cedemnatiens is found, with the sa-me organisms. as those generally associated with Bacillus perfringens and the Vibrion septique in the classic form of gas gangrene. Fig. 7 shows a case in which the Bacillus cedematiens is found with Bacillus per/ringens. In another case ( fig. 8 ) we find the same toxic microbe associated with Bacillus sporogenes, and in the third case ( fig. 9 ) the same bacillus is associated not only with sporogenes but with diplococcus and a " coeur jaune." This wounded soldier died, and his blood gave a pure culture of the Bacillus adematiens ( fig. 9 , B). The Bacillus cedematiens causes the toxic form of gas gangrene, but it is not the only agent producing that form. There are other anaerobic microbes which are able to produce the same variety of gas gangrene, for M. Sacqu6p6e has described another bacillus, also toxic and producing cedema, in cases of gas gangrene with clinical symptoms similar to those we have observed in the toxic form of gas gangrene caused by Bacillus aldematiens.' (In the same toxic forin we found the Bacillus fallax previously mentioned.) I have also found other cedema-producing microbes which I have not yet had time to identify. We have only once observed a case of a mixed form of gas gangrene in which the symptoms of cedema and gas production were both very 12 .N, FIG. 8. Toxic form of gas gangrene (putrid variety): I, Bacillus cedemnatiens; 2, Bacillus sporogenes; 3, "cceur jaune." prominent. In that case we found th~association of Bacillus cedematiens with Bacillus verfringens. The patient died from septicaemia caused by Bacillus cedematiens. Halmoculture shows that septicalmia is very frequent in the classic form of gas gangrene but rare in the toxic form, especially if the latter is due to several toxic microbes.
Dr. Sacqu6p6e expressed the opinion that the organism described by him as Bacille de l'ccdlme gazeux malin is the same as Bacillus cedematiens. Dr. Roux delegated MM. Veillon and Loiseau to make a comparative study of these two organisms. Dr. Sacqu6pe'e sent them a specimen of the Bacille de l'ced~me gazeux malin and a culture of Bacillus cedematiens was supplied by us. As a result of their investigation these organisms proved to represent two distinct species.
Weinberg: Researches on Gas Gangrene Fig. 10 shows a typical case of a wounded soldier who died of an intoxication due to three toxic microbes, without septicaemia being present.' As this figure shows, we found in the discharge from the wound and from the muscles the Bacillus cdematiens, the Vibrion septique and the Bacillus fallax. The soldier died; the blood taken half an hour after death and cultivated under the best conditions was, and remained, sterile. Toxic form of gas gangrene. A, discharge from wound: 1, Bacillus ce,dematiens ; 2, Bacillus sporogenes; 3, Bacillus tetani; the smears also show diplococci. B, Bacillus cedematiens alone, from the cedematous fluid. 'The word "1c6notoxie " has been used by us to describe the condition in which the patient suffers from toxins produced by different organisms, the different toxins in such cases acting simultaneously.
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These examples of gas gangrene that I have described clearly show that the bacterial flora of that disease is often extremely complicated; it includes for the most part organisms generally found in intestinal flora. We must add that this flora is often found in wounds which are not complicated by a grave gas infection. I am even convinced that in many cases there are species, perhaps important, which escaped isolation. The difficulty is that certain species do not grow easily in the Toxic form of gas gangrene. Association of toxic microbes (c6notoxie). A, discharge from muscle: a, a', Bacillus cedematiens; b, bl, Vibrion septique.
The figure shows also other slender microbes belonging to Bacillus fallax. B, discharge from muscle of a guinea-pig inoculated with a pure culture of Vibrion septique isolated in that case. C, discharge from muscle of a guinea-pig, inoculated with a pure culture of Bacillus cedematiens isolated in that case. D, discharge from muscle of a guinea-pig inoculated with Bacillus fallax, isolated in that case. media used and that the colonies of different microbes present identical forms in deep agar. Fig. 11 , which represents the different aspects of the colonies of Bacillus cedematiens in deep agar, demonstrates these Different aspects of the colonies of Bacillus cedenzatiens in deep agar. Colonies 2, 4, and 5 resemble those of Vibrion septique; colony 6 resembles that of Bacillus sporogenes; colonies 9 and 10 resemble those of Bacillus tetani; colonies 11 and 12 are varieties of " ceurs jaunes,' which can be formed by many different species ( Vibrion septique, Bacilluts sporogenes, &c.).
difficulties. Bacillus cedematiens yields many different forms, some of which resemble those of the Vibrion septique, others those of Bacillus sporogenes and even those of Bacillus tetani. It is the same in the case of organisms which form lenticular colonies in solid media. Weinberg: Researches on Gas Gangrene shows the different aspects of colonies formed by the group we call " cceur jaune." They are characteristic; oval or heart-shaped, ambercoloured, finely granulated; in the cleft of the heart can be seen a small excrescence from which grows a tuft of fine entangled filaments. These heart-shaped colonies, like the arborescent colonies, are common to many different organisms: in one case recently investigated in association with Dr. Seguin deep agar tubes contained only heart-shaped colonies identical in appearance; but examination showed that certain colonies were Bacillus pe7fringens, others Vibrion septique, and others Bacillus fallax. So, if we make a complete study of one case of gas gangrene it is necessary to examine a large number of colonies presenting identical appearances in deep agar. This is the principal reason that the study of nearly all cases of gas gangrene demands prolonged and delayed observation.
EXPERIMENTAL PRODUCTION OF GAS GANGRENE. Now that we have become acquainted to some extent with the flora of gas gangrene, the next step is to determine what organisms play the principal part in the evolution of that disease. It is evident that we can only assign the pathogenic role to organisms which produce in animals the symptoms observed in man.
Let us first of all consider the classic form of gas gangrene. It is very easy to establish experimentally that. the Bacillus perfringens reproduces in the guinea-pig most of the symptoms observed in the wounded. When we inject into the thigh muscle of a guinea-pig one fatal dose of Bacillus perfringens, we produce a gas phlegmon which ends in fatal septicoemia. A few hours after injection one can feel crepitation which extends progressively to the abdomen. Sometimes the skin is raised in blebs by a reddish serous discharge; death quickly follows in from eight to twelve' hours. At the autopsy, when the gas phlegmon is incised, a great quantity of gas escapes, often with a putrid smell; the muscles are of a dirty grey colour, and we find, sometimes far removed from the gas-for instance in the axilla-oedematous foci of toxic origin without any organisms. The extremely rapid course of the gas gangrene sometimes observed in man and in animals is easily explained by the susceptibility of certain individuals to the toxins of Bacillus perfringens. Indeed, when we standardize that toxin, we often kill certain guinea-pigs in a few minutes by intravenous injection of 1 c.c. or 2 c.c. of toxin, although many other of these 134
The Royal Society of Medicine animals injected with the same dose show no serious symptoms. We can also produce in the guinea-pig with the Vibrion septique the chief symptoms of the classic form of gas gangrene. There is one point to which I must draw your attention. The Vibrion septique, although a gas-forming microbe, develops much less gas in the tissues than does Bacillus perfringens. This accords with my observations, because in three cases of gas gangrene with much developnment of gas the Vibrion septique was associated with Bacillus perfringens, or with " coeur jaune "-that is to say, organisms which produce a great deal of gas. In the fourth case, in which I found the Vibrion septique associated with Bacillus cedematiens, clinically it was a toxic form of gas gangrene in which the gas symptom was very slightly marked. It is still easier to produce experimentally in. animals the toxic form of gas gangrene with Bacillus a?dematiens. When we inject into the thigh muscle of guinea-pigs cultures of various strains of that organism, we produce in these animals a toxic cedema which develops progressively up to the abdomen, and masks the gas infiltration more or less completely. The muscles, which are red and hyperwmic, show less' gas infiltration the more toxic the strain employed for njections. It is also easy to induce the mixed form of gas gangrene by injecting into the animals a mixture of Bacillus perfringens or a strain of " coeur jaune " with the Bacillus cedematiens. We may here observe the development of a very extensive cedema with production of much gas. Neither is it difficult to produce a putrid variety of every clinical form of gas gangrene. Injection with the pathogenic microbe, the Bacillus sporogenes-that is to say, the organism chiefly found in the putrid form of gas gangrene in man--is enough to set this up. ' We then observe at the point of injection a gangrenous focus with a most putrid smell and the formation of white blebs. The same bullous form has been observed in man infected by Bacillus sporogenes.
The bacteriological study of a case of gas gangrene can only be considered complete when we have succeeded in reproducing in the guinea-pig the same form of the condition. Sometimes this is only possible when the animal is injected, not merely with the most pathogenic organisms found in the lesion but with the associated organisms present in the original condition. This is the best indication of the important effects that may result from the association of different varieties of bacteria in gas gangrene infections. The conditions under which we produce gas gangrene in ainimals experimentally differ from those we find in the wounded. To produce this disease in the guinea-pig we must inject for instance I c.c. of the culture of Bacillus perfringens or -1c.c. or c.c. of the Vibrion septique. The amount of microbes thus injected is far greater in the majority of cases than the quantity which enters a wound from contamination of clothes or from earth driven in with projectiles. On the other hand, if we examine a wound a very short time after it has been inflicted, we sometimes find only a very few microbes of a pathogenic species. Nevertheless, in spite of early surgical treatment, gas gangrene may occur. The micro-organisms must therefore have found especially favourable conditions for their development.
The dissection of limbs amputated for gas gangrene, together with certain clinical observations and experiments on animals, have enabled us to determine what these conditions are. First, gangrene of a limb is not caused by the microbes of gas gangrene. Here you see a picture of a leg affected by gas gangrene. The gangrene has extended to the greater part of the leg. The dissection of this leg showed that the gangrene is caused by complete obliteration of the popliteal artery. The projectile had severed the artery immediately before its division.
Here it is a mechanical agent which has stopped the circulation in the leg. In the other case of gas gangrene which I saw the same day at the British Military Hospital at Versailles the gangrene had extended only to the lower third of the leg and foot, and in this leg the anterior and posterior tibial and peroneal arteries were obliterated by an inflammatory clot caused by non-gas-producing organisms. This gangrene produced by vascular obliteration forms an excellent soil for the development of gas infection. Certain clinical observations made on the wounded in this direction are as conclusive as experiments on animals.
There is a harrowing story of a French major who was wounded at the Battle of Champagne. This officer was wounded in the fore-arm and in the popliteal space. His wound of the forearm was serious and complicated by a fracture of the ulna. It healed, however, in six weeks. The small wound in the popliteal space was not considered serious. The discharge from the wound contained only diplococci, staphylococci, and only very few Bacillus peifringens. To find one Bacillus perfringens it was necessary to examine several fields. About two months after he was wounded, an aneurysm of the popliteal artery was noticed, and the 136 The Royal Society of Medicine surgeon decided to tie the femoral artery. Two days after the ligature typical gas gangrene developed, and when I was called in a few hours before his death I found the patient in a septicaemic condition. A pure culture of Bacillus'perfringens was obtained from his blood.
There is another case which developed conditions almost similar to the above, but the gas-producing organisms were fortunately not very pathogenic. A soldier had been treated for three months, for a compound fracture of the tibia by a piece of shell, in the Military Hospital at the Grand Palais in Paris. An arterial aneurysm was noticed in the calf. In the morning the surgeon tied the popliteal artery, and as the result was not satisfactory he ligatured the femoral at midnight. The patient developed an enormous gas infection involving both legs and the trunk as far as the neck. Fortunately for the soldier the gas-producing organism was not very pathogenic, and no organisms were found in the affected tissues away from the wounds. The affected leg was amputated and the soldier recovered, although the gas infiltration persisted for three weeks.
Thus we see that the alteration of the tissues, and especially of the muscle, following vascular obliteration is most favourable for the development of gas-producing organisms. The local destruction of the tissues by the projectile is sufficient to produce a starting-point for gas infection without the presence of gangrene of the limb.
Experimentally it is very easy to show how artificial injury of muscle and haomorrhage favour the infection in question. Thus, if you lacerate the muscle of a guinea-pig with a needle, or produce a slight haemorrhage into it, the infection even of a weak strain of Bacillus perfringens rapidly causes gas phlegmon. This disintegration of muscles which is so favourable to the development of gas gangrene is not. only produced mechanically: we have found it is brought about by certain organisms which are introduced by the projectile into the tissues.
In the discharge from certain wounds of soldiers affected by gas.
gangrene we have two different species of anaerobic microbes. The one species disintegrates the muscle without producing any smell. The second produces a dissolution of muscle accompanied by a distinctly putrid odour. So, for instance, if we inject 2 c.c. or 3 c.c. of a culture of this second myolytic but non-gas-producing microbe, the next day the muscle is dissolved, a reddish fluid being produced and the bone is. bared. If we associate one of these two organisms with a gas-producing microbe which has lost its pathogenicity, the gas infection develops rapidly.
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The few facts which I have just set forth show conclusively that the most favourable conditions for the development of a gas infection are the obstruction of large blood-vessels or the local destruction of muscular tissue by mechanical or biological agents.
TREATMENT. 0
Now, how should we treat a case of gas gangrene? We have previously established the fact that the flora of gas gangrene is the same as that of almost every wound, and that a wound may become, sooner or later, sometimes even a very long time afterwards, the starting-point of a grave gaseous infection. It is therefore evident that early energetic treatment of wounds is a preventive of gas gangrene. It is only possible to apply this treatment when the wounded are very quickly removed behind the lines. After the Battle of the Marne the rapid evacuation of the wounded could not be effected; the result was that the number of cases of gas gangrene was so large that there was hardly a military hospital in which there was not a case of this disease. As already stated (p. 119), Dr. Ombredanne treated over one hundred cases in his hospital at Verdun. Now that the evacuation and the first aid treatment of the wounded are considerably improved, we find relatively fewer cases of gas gangrene, even when the number of the wounded is considerable. It is obvious that this marked decrease in the number of cases of gas gangrene is also due to the experience in the treatment of such wounds acquired by surgeons since the beginning of the War. I have not time to review all the different methods of treatment of wounds practised by surgeons. I will only state the principle upon which all are agreed-namely, that the most essential condition of efficacious treatment is to open the wound immediately as widely as possible, to extract the projectiles and particles of clothing, to cut away all gangrenous tissue, and when a fracture is present to remove all the fragments of bone. This method of treatment is combined with continuous or frequent irrigation with normal saline solution, hypertonic saline solution alone or with carbolic acid, or various antiseptics (zinc chloride, very weak solution of silver nitrate, magnesium chloride, quinine hydrochlorate, &c.). Good results have also been obtained by the application of superheated air and by intravenous injection of salvarsan. Special mnention must be made of the use of the Leclainche et Vallee serum and that of different vaccines, which certainly assist the organism in overcoming the infection. The Leclainche et Vall6e
138
The Royal Society of Medicine polyvalent serum seems to have given particularly good results in wounds, especially those infected by streptococci.
At the beginning of the War we prepared an anti -Bacillus perfringens vaccine which yielded us good results in certain cases of subacute gas gangrene and in certain wounds, in the flora of which the Bacillus perfringens was the most pathogenic microbe. The same treatment has been tried by Wright and his colleagues, who associated the Bacillus perfringens with streptococci. An anaerobic autovaccine has been tried with the aerobic organism of the wound.
In my opinion the best autovaccine is one prepared with all the organisms that are to be found in the wound to be treated, both aerobic and anaerobic. Such a vaccine cannot be prepared by the classic methods-that is to say, by heating the microbe at 550 C. to 600 C.because the spores resist that temperature. To avoid this difficulty, we treated the mixture of organisms with iodine, a method already employed by Ranque and Senez in the preparation of antityphoid vaccine.
It is extremely important that the vaccine should be administered as quickly as possible. To carry this out we prepare the autovaccin iode total (omnivalent iodized autovaccine) from the wound discharge. This vaccine can be prepared in one tq two hours-that is to say, the wounded man can be treated immediately after his admission to the hospital. Several injections of this vaccine are made daily or every two days, and during that time a complete bacteriological investigation ofthe case can be made, and, if -necessary, a new autovaccine may be prepared with pure cultures of the isolated microbes.
It is always necessary to accept with a certain reserve the results obtained by vaccine therapy. Nevertheless we have seen certain cases in which the effect of the autovaccin iode total was indisputable. In these cases the vaccine was only administered when the local and general condition of the patient became worse in spite of large incisionsand copious antiseptic treatment.'
In many cases we have successfully completed this vaccine therapy by iodizing-thewound. After having dried out the wound in a special manner, we fill it with a solution of iodine:-Iodine ... Where the wound is perforating, the lower opening is temporarily plugged. This solution is left in contact for fifteen minutes or longer (thirty minutes) if a rapid bkoteriological examination has shown the presence of spores. The wound is then gently dried out and filled with dry gauze. By this rational method of treatment the iodine will not only act as an antiseptic, but will transform the microbes with which it comes in contact into a vaccine. So in this way we are treating the patients with iodized vaccine prepared in vitro and in vivo.. The surgical treatment of gas gangrene at the earliest manifestations is much the same as that of wounds not complicated by gas infection. In the case of gangrene of a limb, amputation is always necessary. Many surgeons, when they consider amputation unnecessary, apply the actual cautery over the whole extent of the invaded area. Unfortunately many cases of gas infection are fatal in spite of all treatment. In order to attempt to save such cases we are trying to prepare an active serunm with the three most pathogenic organisms of gas gangrene: Bacillus perfringens, the Vibrion septique, and Bacillus cedemnatiens.
It would have been very interesting to have prepared antitoxic serum for all these organisms. It is impossible in the case of Bacillus perfringens, as its toxin is very slightly active. The serum of the sheep injected with a toxin of Bacillus perfringens for three months is able to neutralize a few fatal doses of that microbe. That is why the anti-Bacillus perfringens serum that we prepared is antimicrobic. The horse received increasing doses of living Bacillus jperfringens. Now it is able to withstand a weekly injection of microbes obtained by centrifugalizing one litre of broth.
Although the horses have absorbed such a great quantity of microbes during the year, their serum is not so active as I should have expected it to be; 1 c.c. of this serum neutralizes only 200 fatal doses of Bacillus perfringens. Although the activity of that serum is relatively small, yet its use in certain cases of gas gangrene has certaiialy been beneficial. I shall only mention fifteen cases of gas gangrene in which the serum was tried, because in these cases the complete bacteriological study was possible. This serum was absolutely inefficacious in five cases of septicEemia due to Bacillus perfringens; but in five other grave cases, not complicated with septicaemia, the intravenous injection of this serum was rapidly followed by amelioration of the symptoms both local and general. I was called to the Hopital St. Michel in Paris to examine a soldier with a compound fracture of the thigh with gas gangrene. The wound had been freely incised the day before, but in spite of that the genePal condition was worse and crepitation was noticed above the patella, at some distance from the wound. I injected intravenously 22 c.c. of the anti-Bacillus perfringens serum. The patient had a rigor for an hour, probably an anaphylactic reaction (he had been injected some time previously with an antitetanic serum). The next day there was an improvement and the crepitation disappeared.
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The Royal Society of Medicine I may mention one other case that I saw at the British Military Hospital at Versailles. It was a patient of Captain Raleigh. He called me in as the case was desperate. The general condition was very bad, but there was no septicaemia. I injected the first time 20 c.c. of serum; the next day the general condition was no worse, and I injected 37 c.c. of serum. After the second injection there was marked improvement, and after four days he was considered out of danger.
There is no time to go into details of the other cases. Suffice it to say that bacteriological study has shown me that the anti-Bacillus perfringens serum has had a favourable influence in those ca'ses of gas gangrene in which the Bacillus perfringenis was the chief pathogenic organism of the flora. The antitoxic serum of the Vibrion septique was prepared by
Mlle. Raphael and M. Frasey by injection into a horse of a toxin prepared with the Vibrion septique from the rabbit. We prepared at the same time the same serum with a toxin of the Vibrion septique, which caused gas gangrene in a man; 1 c.c. of this serum neutralizes 500 to 1,000 fatal doses of toxin.
The anti-cedematiens serum which we first prepared in conjunction with Dr. Seguin in work on sheep is also active. We obtained with Bacillus a?demnatiens a very active toxin which kills a guinea-pig with a dose of 2 1 c.c. to Tly c.c. We hope that the horse we are now immunizing with this active toxin will yield us very good serum, because the first titrations are already satisfactory.' We have reason to believe that the antitoxic serum obtained with the toxin of the Vibrion septique or Bacillus mdemnttiens will have a greater preventive than curative action. From experiments on animals we find that these toxins become so ra-pidly attached to the nervous system that it is very difficult to cure an animal even as little as half an hour after one fatal dose of toxin has been injected intravenously.
These results, however disappointing, have not discouraged us from further investigations. The curative value of the antitetanic serum is very unreliable; it is, however, an established fact that its praventive use has saved the lives of many of our soldiers in this War. It is, indeed, the results obtained by the preventive treatment of tetanus Since delivering this lecture the immunization of this horse with the toxin of Bacillus cedematiens has been completed. The serum produced is very satisfactory, inasmuch as fu6uuc.c. of serum neutralizes one lethal dose of the toxin of Bacillus cedematiens. This serum was tested with good results in three cases of gas gangrene with toxic symptoms, in which Bacillus cedematiens was isolated from the wound or muscle discharge of the patient.
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It is true that the number of the pathogenic organisms of gas gangrene increases in proportion as technique improves and research continues. At the same time the problem grows more complex. This makes it the more interesting, and the solution does not appear to be impossible. First, it is not necessary to prepare sera against all the pathogenic microbes found in gas gangrene. It is sufficient to retain only the species most universal and at the same time most pathogenic. At the present moment these number but three or four: Bacillus c3dematiens, Bacillus perfringens, Vibrion septique, and perhaps the organism described by M. Sacquepee. The ideal plan would have been to prepare in the same horse an antipolytoxic serum active at the same time against all these organisms. Unfortunately the few experiments made in this direction have shown that it is excessively difficult, if not impossible, to carry out this plan. We can avoid that difficulty by preparing separately sera active against each of these pathogenic species, then mixing the sera so obtained. This will be as easy to manipulate as simple antitetanic serum.
In my opinion the best practical method of dealing with such a case of gas gangrene is to inject immediately in the wound and the neighbouring tissues a mixture of the sera of the three most pathogenic microbes (Bacillus perfringens, Vibrion septique, and Bacillus cedematiens). A rapid bacteriological investigation then made by an expert will show which sera must be continued. I consider that the attention of the bacteriologists should be directed to the subject of these mixed sera if they wish to co-operate actively with surgeons and hygienists in the campaign against gas gangrene.
I have now finished laying before you the results of recent researches on gas gangrene. I hope that the efforts made in this direction will not be in vain and that the interest they have aroused is more than purely theoretical. If they confirm the great importance of intestinal flora, they also show that there exists in the ground, in mud, and in dung a large number of new microbes most pathogenic to man and sometimes as toxic even as BacUllus tetani. -They enable us to understand the atiology and the evolution of the different forms of gas gangrene, and let us hope that we are on the way to the discovery of a rational treatment of this terrible complication of wounds.
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